Применение пространственной вариационно-разностной схемы для расчета напряженно-деформированного состояния и устойчивости торообразных тел с поперечным сечением эллиптической формы by Колдунов, В.А. & Черепанов, О.И.
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X1 = ρ cos θ = [R0 + (R2(ψ) + γ) sinψ] cos θ,
X2 = ρ sin θ = [R0 + (R2(ψ) + γ) sinψ] sin θ,
X3 = [R22(ψ) + γ] cosψ.
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c , R1 =
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c3 , R22 =
a2
c , c = [a
2 cos2 ψ + b2 sin2 ψ]1/2U
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dS2 = H21dγ
2 + H22dψ
2 + H23dθ
2 = g11(dx1)2 + g22(dx2)2 + g33(dx3)2 !@"
P& H1 = H1(γ, ψ, θ), H2 = H2(γ, ψ, θ), H3 = H3(γ, ψ, θ) 6 N55$
%1# g11 = H21 , g22 = H
2
2 , g33 = H
2
3 6  1) 1.
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γ = x1, ψ = x2, θ = x3 . !B"

*- N*1 ?O1  )*,# *&/ -1 1 6
# )*.1  51*A
g = g11g22g33 = 12(R1 + x1)2
[
R0 + (R2 + x1) sinx2
]2
,
dV =
√
gdx1dx2dx3 = (R1 + x1)
[
R0 + (R2 + x1) sinx2
]
dx1dx2dx3,
dS1 = (R1 + x1)
[
R0 + (R2 + x1) sinx2
]
dx2dx3,
dS2 =
[
R0 + (R2 + x1) sinx2
]
dx1dx3,
dS3 = (R1 + x1)dx1dx2,
(R2 = b
2
c , R1 =
a2b2
c3 , R22 =
a2
c , c = [a
2 cos2 ψ + b2 sin2 ψ]1/2).
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eij = 12
(∇iuj +∇jui +∇iuk∇juk) =
= 12
(∇iuj +∇jui + gkl∇iul∇juk)
∇jui = ∂ui∂xj − uαΓαij ,
, !F"
 uα 6  1)  )1,# Γαij 6 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56
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e(11) =
∂u(1)
∂x1 +
1
2
[(
∂u(1)
∂x1
)2
+
(
∂u(2)
∂x1
)2
+
(
∂u(3)
∂x1
)2]
,
e(22) = 1(R1+x1)
∂u(2)
∂x2 +
u(1)
(R1+x1)
+ 12
[(
1
(R1+x1)
∂u(1)
∂x2 −
u(2)
(R1+x1)
)2
+
+
(
1
(R1+x1)
∂u(2)
∂x2 +
u(1)
(R1+x1)
)2
+
(
1
(R1+x1)
∂u(3)
∂x2
)2]
,
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e(33) = 1[R0+(R2+x1) sin x2]
(
∂u(3)
∂x3 + u(1) sinx
2 + u(2) cosx2
)
+
+ 12
[(
1
[R0+(R2+x1) sin x2]
∂u(1)
∂x3 − u(3) sin x
2
[R0+(R2+x1) sin x2]
)2
+
+
(
1
[R0+(R2+x1) sin x2]
∂u(2)
∂x3 − u(3) cosx
2
[R0+(R2+x1) sin x2]
)2
+
+ 1[R0+(R2+x1) sin x2]2
(
∂u(3)
∂x3 + u(1) sinx
2 + u(2) cosx2
)2]
,
e(12) = 12
[
∂u(2)
∂x1 +
1
(R1+x1)
∂u(1)
∂x2 −
u(2)
(R1+x1)
+
+
(
∂u(1)
∂x1
)(
1
(R1+x1)
∂u(1)
∂x2 −
u(2)
(R1+x1)
)
+
(
∂u(2)
∂x1
)(
1
(R1+x1)
∂u(2)
∂x2 +
u(1)
(R1+x1)
)
+
+
(
∂u(3)
∂x1
)(
1
(R1+x1)
∂u(3)
∂x2
)]
,
!<"
e(23) == 12
[
1
(R1+x1)
∂u(3)
∂x2 +
1
[R0+(R2+x1) sin x2]
(
∂u(2)
∂x3 − u(3) cosx2
)
+
+ 1[R0+(R2+x1) sin x2]
(
∂u(2)
∂x3 − u(3) cosx2
)
×
×
(
1
(R1+x1)
∂u(2)
∂x2 +
1
(R1+x1)
u(1)
)
+
+
(
1
(R1+x1)
∂u(1)
∂x2 −
u(2)
(R1+x1)
)(
1
[R0+(R2+x1) sin x2]
∂u(1)
∂x3 −
u(3) sin x
2
[R0+(R2+x1) sin x2]
)
+
+
(
1
(R1+x1)
∂u(3)
∂x2
)
1
[R0+(R2+x1) sin x2]
(
∂u(3)
∂x3 + u(1) sinx
2 + u(2) cosx2
)]
,
e(31) = 12
[
1
[R0+(R2+x1) sin x2]
∂u(1)
∂x3 − u(3) sin x
2
[R0+(R2+x1) sin x2]
+ ∂u(3)∂x1 +
+
(
1
[R0+(R2+x1) sin x2]
∂u(1)
∂x3 − u(3) sin x
2
[R0+(R2+x1) sin x2]
)(
∂u(1)
∂x1
)
+
+
(
∂u(2)
∂x1
)(
1
[R0+(R2+x1) sin x2]
∂u(2)
∂x3 − u(3) cosx
2
[R0+(R2+x1) sin x2]
)
+
+
(
∂u(3)
∂x1
)
1
[R0+(R2+x1) sin x2]
(
∂u(3)
∂x3 + u(1) sinx
2 + u(2) cosx2
)]
.

*- 4 1*/ 51$ ε
(n)
ij # /4M, 51 6
- *  1 .1 7 0-  11 !`"#  N
)-# )1#  1*&  )*. oCp# 4 N/ 6
7  )*.& *M, 51*A
2ε(n)11 = 2
{
∂u
(n)
1
∂S1
}
, 2ε(n)22 = 2
{
K1u
(n)
1 +
∂
∂S2
u
(n)
2
}
,
2ε(n)33 = 2
{
Sku
(n)
1 + Cku
(n)
2 +
∂u
(n)
3
∂S3
}
,
2ε(n)12 =
{
∂u
(n)
1
∂S2
+
(
∂
∂S1
−K1
)
u
(n)
2
}
, 2ε(n)23 =
{
∂u
(n)
2
∂S3
+
(
∂
∂S2
− Ck
)
u
(n)
3
}
,
2ε(n)31 =
{
∂u
(n)
1
∂S3
+
(
∂
∂S1
− Sk
)
u
(n)
3
}
,
(S1 = x1, S2 = (R1 + x1)x2, S3 = [(R0 + (R1 + x1) sinx2]x3,
dS1 = dx1, dS2 = (R1 + x1)dx2, dS3 = [(R0 + (R1 + x1) sinx2]dx3,
Sk = sin x
2
[(R0+(R1+x1) sin x2]
, Ck = cos x
2
[(R0+(R1+x1) sin x2]
,
K1 = 1/(R1 + x1), R2 = a2/c, R22 = b2/c, R1 = a2b2/c3).
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V (n)
(σEij + Δ
∗
σij) · δ(Δ∗eij) · dV−
− ∫∫∫
V (n)
(P¯i+ΔP¯i) · δ(Δui) · dV −
∫ ∫
S
(n)
σ
(R¯i + ΔR¯i) · δ(Δui) · dS = 0, !H"
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- Ω(n)
* Ω(n)∗ )1  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Δuκ = u(n)κ + u
∗
κ. !;;"
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/
5$-/ ?4.1 1*1 σ
(n)
ij # e
(n)
ij # u
(n)
κ # T (n)# P¯
(n)
i , R¯
(n)
i  σ
(n)
ij +σ
∗
ij #
e
(n)
ij + e
∗
ij # u
(n)
κ + u∗κ# T
(n) + T ∗# P¯ (n)i + P¯
∗
i , R¯
(n)
i + R¯
∗
i  P&# 
 #  i, j ?1 )*&4& *- 1$ 1)  *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$ # 11 0 *- 4 (e(n)ij +e
∗
ij)  $
δ(e(n)ij + e
∗
ij) 11 0- A
2(e(n)ij + e
∗
ij) = Δ
κ
iju
(n)
κ + Δκjiu
(n)
κ + (Δαimu
(n)
α )(Δβjmu
(n)
β )+
+Δκiju
∗
κ + Δκjiu
∗
κ + Δαimu
∗
α)(Δ
β
jmu
∗
β)+
+(Δαimu
(n)
α )(Δβjmu
∗
β) + (Δ
α
imu
∗
α)(Δ
β
jmu
(n)
β ),
!;D"
2δ(e(n)ij + e
∗
ij) = [δim + Δ
α
im(u
(n)
α + u∗α)](Δ
β
jmδu
(n)
β )+
+[δjm + Δ
β
jm(u
(n)
β + u
∗
β)](Δ
α
imδu
(n)
α ) + [δim + Δαim(u
(n)
α + u∗α)](Δ
β
jmδu
∗
β)+
+[δjm + Δ
β
jm(u
(n)
β + u
∗
β)](Δ
α
imδu
∗
α).
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1
2
∫∫∫
V (n)
σ
(n)
ij {[δim + Δαim(u(n)α )](Δβjmδu(n)β )+
+[δjm + Δ
β
jm(u
(n)
β )](Δ
α
imδu
(n)
α ) }dV−
− ∫∫∫
V (n)
P¯
(n)
i δ(u
(n)
i )dV −
∫ ∫
S
(n)
σ
R¯
(n)
i δ(u
(n)
i )dS = 0,
!;B"
1
2
∫∫∫
V (n)
σ∗ij{[δim + Δαim(u(n)α + u∗α)](Δβjmδu∗β)+
+[δjm + Δ
β
jm(u
(n)
β + u
∗
β)](Δ
α
imδu
∗
α)}dV +
+ 12
∫∫∫
V (n)
σ
(n)
ij {[Δαim(u∗α)](Δβjmδu∗β) + [Δβjm(u∗β)](Δαimδu∗α)}dV +
− ∫∫∫
V (n)
P¯ ∗i δ(u
∗
i )dV −
∫ ∫
S
(n)
σ
R¯∗i δ(u
∗
i )dS = 0.
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1
2
∫∫∫
V (n)
σ∗ij{[δim + Δαim(u(n)α )](Δβjmδu∗β)+
+[δjm + Δ
β
jm(u
(n)
β )](Δ
α
imδu
∗
α)}dV +
+ 12
∫∫∫
V (n)
σ
(n)
ij {[Δαim(u∗α)](Δβjmδu∗β) + [Δβjm(u∗β)](Δαimδu∗α)}dV +
− ∫∫∫
V (n)
P¯ ∗i δ(u
∗
i )dV −
∫ ∫
S
(n)
σ
R¯∗i δ(u
∗
i )dS = 0,
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u∗i = 0,⇒ δu∗i = 0. !;<"
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u∗i = δu
(n)
i , δ(u
(n)
i + u
∗
i ) = δu
(n)
i + δu
∗
i = δu
(n)
i + δ
2u
(n)
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∫∫∫
V (n)
(
U1AδU1 + U2BδU1 + U3CδU1
)
dV +
+
∫∫∫
V (n)
(
Σ1, δ U1
)
dV−
− ∫∫∫
V (n)
(P (n−1)1 + ΔP1)δu
(n)
1 dV −
∫ ∫
S
(n)
σ
(R(n−1)1 + ΔR1)n1δu
(n)
1 dS+∫∫∫
V (n)
(
U1B
T δU2 + U2DδU2 + U3EδU2
)
dV +
+
∫∫∫
V (n)
(
Σ2, δ U2
)
dV−
− ∫∫∫
V (n)
(P (n−1)2 + ΔP2)δu
(n)
2 dV −
∫ ∫
S
(n)
σ
(R(n−1)2 + ΔR2)n2δu
(n)
2 dS+
∫∫∫
V (n)
(
U1C
T δU3 + U2ET δU3 + U3FδU3
)
dV +
+
∫∫∫
V (n)
(
Σ3, δ U3
)
dV−
− ∫∫∫
V (n)
(P (n−1)3 + ΔP3)δu
(n)
3 dV −
∫ ∫
S
(n)
σ
(R(n−1)3 + ΔR3)n3δu
(n)
3 dS = 0,
!D;"

Ui =
{(
∂u
(n)
i
∂S1
)
,
(
∂u
(n)
i
∂S2
)
,
(
∂u
(n)
i
∂S3
)
, u
(n)
i
}
,
δ Ui =
{(
∂δu
(n)
i
∂S1
)
,
(
∂δu
(n)
i
∂S2
)
,
(
∂δu
(n)
i
∂S3
)
, δu
(n)
i
}
,
!DD"
Σ1 = {(σ(n−1)11 − β∗11ΔT ), σ(n−1)12 , σ(n−1)31 ,
[(σ(n−1)22 − β∗22ΔT )K1 + (σ(n−1)33 − β∗33ΔT )Sk]},
Σ2 =
{
σ
(n−1)
12 , (σ
(n−1)
22 − β∗22ΔT ), σ(n−1)23 ,
[
(σ(n−1)33 − β∗33ΔT )Ck − σ(n−1)12 K1
]}
,
Σ3 =
{
σ
(n−1)
31 , σ
(n−1)
23 , (σ
(n−1)
33 − β∗33ΔT ),
[
−σ(n−1)31 Sk − σ(n−1)23 Ck
]}
.
!D@"
'$ A,B,C,D,E, F 4& 1M A
A =
⎛
⎜⎜⎝
C∗1111 0 0 K1C∗2211 + SkC∗3311
0 C∗1212 0 0
0 0 C∗3131 0
K1C
∗
2211 + SkC∗3311 0 0 K21C∗2222 + 2SkK1C∗3322 + S2KC
∗
3333
⎞
⎟⎟⎠ ,
B =
⎛
⎜⎜⎝
0 C∗1212 0 0
C∗1122 0 0 K1C
∗
2222 + SkC
∗
3322
0 0 0 0
CkC
∗
1133 −K1C∗1212 0 SkC∗3333Ck + K1C∗2233Ck
⎞
⎟⎟⎠ ,
C=   
 	
C =
⎛
⎜⎜⎝
0 0 C∗3131 0
0 0 0 0
C∗1133 0 0 SkC
∗
3333 + K1C
∗
2233
0 0 −SkC∗3131 0
⎞
⎟⎟⎠ ,
D =
⎛
⎜⎜⎝
C∗1212 0 0 −K1C∗1212
0 C∗2222 0 CkC
∗
3322
0 0 C∗2323 0
−K1C∗1212 CkC∗2233 0 C2KC∗3333 + K21C∗1212
⎞
⎟⎟⎠ , !DB"
E =
⎛
⎜⎜⎝
0 0 0 0
0 0 C∗2323 0
0 C∗2233 0 CkC
∗
3333
0 0 −CkC∗2323 0
⎞
⎟⎟⎠ ,
F =
⎛
⎜⎜⎝
C∗3131 0 0 −SkC∗3131
0 C∗2323 0 −CkC∗2323
0 0 C∗3333 0
−SkC∗3131 −CkC∗2323 0 C2KC∗2323 + S2KC∗3131
⎞
⎟⎟⎠ .
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∫∫∫
V (n)
(
U∗1AσδU∗1 + U∗2BσδU∗1 + U∗3CσδU∗1
)
dV +
+
∫∫∫
V (n)
(
Σ∗1, δ U
∗
1
)
dV − ∫∫∫
V (n)
P ∗1 δu
∗
1dV −
∫ ∫
S
(n)
σ
R∗1n1δu
∗
1dS+
∫∫∫
V (n)
(
U∗1B
T
σ δ
U∗2 + U
∗
2Dσδ
U∗2 + U
∗
3Eσδ
U∗1
)
dV +
+
∫∫∫
V (n)
(
Σ∗2, δ U
∗
2
)
dV − ∫∫∫
V (n)
P ∗2 δu
∗
2dV −
∫ ∫
S
(n)
σ
R∗2n2δu
∗
2dS+
+
∫∫∫
V (n)
(
U∗1C
T
σ δU
∗
3 + U
∗
2E
T
σ δU
∗
3 + U
∗
3FσδU
∗
3
)
dV +
+
∫∫∫
V (n)
(
Σ∗3, δ U
∗
3
)
dV − ∫∫∫
V (n)
P ∗3 δu
∗
3dV −
∫ ∫
S
(n)
σ
R∗3n3δu
∗
3dS = 0,
!DE"

Aσ = A + ΣA, Bσ = A + ΣB, Cσ = A + ΣC ,
Dσ = A + ΣD, Eσ = A + ΣE , Fσ = A + ΣF .
!DF"
U∗i =
{(
∂u∗i
∂S1
)
,
(
∂u∗i
∂S2
)
,
(
∂u∗i
∂S3
)
, u∗i
}
,
δ U∗i =
{(
∂δu∗i
∂S1
)
,
(
∂δu∗i
∂S2
)
,
(
∂δu∗i
∂S3
)
, δu∗i
}
,
!D<"
Σ∗1 = {(−β∗11ΔT ∗), 0, 0, [(−β∗22ΔT ∗)K1 + (−β∗33ΔT ∗)Sk]} ,
Σ2 = {0, (0− β∗22ΔT ∗), 0, [(−β∗33ΔT ∗)Ck]} ,
Σ3 = {0, 0 , (−β∗33ΔT ∗), 0} .
!DC"
'$ ΣA, ΣB, ΣC ,ΣD, ΣE , ΣF )*-M- 51*1A
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 C;
ΣA =
⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
σ
(n)
11 +
+σ(n)12 +
+σ(n)31
σ
(n)
12 σ
(n)
31
K1σ
(n)
12 +
+Skσ
(n)
31
σ
(n)
12
σ
(n)
22 +
+σ(n)12 +
+σ(n)23
σ
(n)
23
K1(σ
(n)
22 + σ
(n)
12 )+
+(K1 + Sk)σ
(n)
23
σ
(n)
31 σ
(n)
23
σ
(n)
33 +
+σ(n)23 +
+σ(n)31
Skσ
(n)
33 + Skσ
(n)
31 +
+(K1 + Sk)σ
(n)
23
K1σ
(n)
12 +
+Skσ
(n)
31
K1(σ
(n)
22 +
+σ(n)12 )+
+(K1+
+Sk)σ
(n)
23
Skσ
(n)
33 +
+Skσ
(n)
31 +
+(K1 + Sk)σ
(n)
23
σ
(n)
22 K
2
1 + S
2
kσ
(n)
33 +
+K21σ
(n)
12 + S
2
kσ
(n)
31 +
+(K1 + Sk)2σ
(n)
23
⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
,
ΣB =
⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
σ
(n)
11 +
+σ
(n)
12 +
+σ
(n)
31
σ
(n)
12 σ
(n)
31 K1σ
(n)
12 + Skσ
(n)
31
σ
(n)
12
σ
(n)
22 +
+σ
(n)
12 +
+σ
(n)
23
σ
(n)
23
K1σ
(n)
22 +
+K1σ
(n)
12 +
+(K1 + Sk)σ
(n)
23
σ
(n)
31 σ
(n)
23
σ
(n)
33 +
+σ
(n)
23 +
+σ
(n)
31
Skσ
(n)
33 +
+(K1 + Sk)σ
(n)
23 +
+Skσ
(n)
31
−K1σ(n)12 −
−Ekσ(n)12 +
+Ckσ
(n)
31
−K1σ(n)22 −
−K1σ(n)12 +
+(Ck −K1)σ(n)23
Ckσ
(n)
33 +
+Ckσ
(n)
31 +
(Ck −K1)σ(n)23
−K21σ(n)22 +
+CkSkσ
(n)
33 −K21σ(n)12 +
+(K1 + Sk)×
×(Ck −K1)σ(n)23 +
+CkSkσ
(n)
31
⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
,
ΣC =
⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
σ
(n)
11 + σ
(n)
12 +
+σ
(n)
31
σ
(n)
12 σ
(n)
31
K1σ
(n)
12 +
+Skσ
(n)
31
σ
(n)
12
σ
(n)
22 +
+σ
(n)
12 +
+σ
(n)
23
σ
(n)
23
K1σ
(n)
22 +
+K1σ
(n)
12 +
+(Sk + K1)σ
(n)
23
σ
(n)
31 σ
(n)
23
σ
(n)
33 +
+σ
(n)
23 +
+σ
(n)
31
Skσ
(n)
33 +
+(K1+
+Sk)σ
(n)
23 +
+Skσ
(n)
31
(−Sk−
−Ck)σ(n)31
(−Sk−
−Ck)σ(n)23
(−Sk −Ck)σ(n)33 +
+(−Sk−
−Ck)σ(n)23 +
+(−Sk−
−Ck)σ(n)31
−S2kσ(n)33 −
−CkSkσ(n)33 +
+(−Sk − Ck)×
×(K1 + Sk)σ(n)23 +
+Sk(−Sk − Ck)σ(n)31
⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
(67+
CD  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 
 	
ΣD =
⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
σ
(n)
11 +
+σ
(n)
12 +
+σ
(n)
31
σ
(n)
12 σ
(n)
31
−K1σ(n)12 +
+Ckσ
(n)
31
σ
(n)
12
σ
(n)
22 +
+σ
(n)
12 +
+σ
(n)
23
σ
(n)
23
−K1σ(n)22 −
−K1σ(n)12 +
+(Ck −K1)σ(n)23
σ
(n)
31 σ
(n)
23
σ
(n)
33 +
+σ
(n)
23 +
+σ
(n)
31
Ckσ
(n)
33 + Ckσ
(n)
31 +
+(Ck −K1)σ(n)23
−K1σ(n)12 +
+Ckσ
(n)
31
−K1σ(n)22 −
−K1σ(n)12 +
+(Ck −K1)σ(n)23
Ckσ
(n)
33 +
+(Ck −K1)σ(n)23 +
+Ckσ
(n)
31
(K1)
2σ
(n)
22 +
+C2kσ
(n)
33 +
+C2kσ
(n)
31 +
+(K1)
2σ
(n)
12 +
+(Ck −K1)2σ(n)23
⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
ΣE =
⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
σ
(n)
11 +
+σ(n)12 +
+σ(n)31
σ
(n)
12 σ
(n)
31
−K1σ(n)12 +
+Ckσ
(n)
31
σ
(n)
12
σ
(n)
22 +
+σ(n)12 +
+σ(n)23
σ
(n)
23
−K1σ(n)22 σ(n)22 −
−K1σ(n)12 +
+(Ck −K1)σ(n)23
σ
(n)
31 σ
(n)
23
σ
(n)
33 +
+σ(n)23 +
+σ(n)31
Ckσ
(n)
33 + Ckσ
(n)
31 +
+(Ck −K1)σ(n)23
(−Sk−
−Ck)σ(n)31
(−Sk−
−Ck)σ(n)23
(−Sk−
−Ck)σ(n)33 +
+(−Sk−
−Ck)σ(n)23 +
+(−Sk−
−Ck)σ(n)31
−CkSkσ(n)33 − C2kσ(n)33 +
+(Ck −K1)×
×(−Sk − Ck)σ(n)23 +
+Ck(−Sk − Ck)σ(n)31
⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
ΣF =
⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
σ
(n)
11 +
+σ
(n)
12 +
+σ
(n)
31
σ
(n)
12 σ
(n)
31 (−Sk − Ck)σ(n)31
σ
(n)
12
σ
(n)
22 +
+σ
(n)
12 +
+σ
(n)
23
σ
(n)
23 (−Sk − Ck)σ(n)23
σ
(n)
31 σ
(n)
23
σ
(n)
33 +
+σ
(n)
23 +
+σ
(n)
31
(−Sk − Ck)σ(n)33 +
+(−Sk − Ck)σ(n)23 +
+(−Sk − Ck)σ(n)31
(−Sk−
−Ck)σ(n)31
(−Sk−
−Ck)σ(n)23
(−Sk − Ck)σ(n)33 +
+(−Sk −Ck)σ(n)23 +
+(−Sk −Ck)σ(n)31
(Ck + Sk)
2σ
(n)
33 +
+(Sk + Ck)
2σ
(n)
23 +
+(Sk + Ck)
2σ
(n)
31
⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
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